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A MILD AND VARIABLE SYNTHESIS OF a-KETOESTERS

M,T. Reetzt H. Heimbach and K. Schwellnus
Fachbereich Chemie der Universitéit

Hans~-Meerwein-StraBe, D 3550 Marburg, W-Germany

Summary: The ZnCl2 promoted addition of 1,2-diethoxy-1,2-disilyloxyethylene
1 with electrophiles such as aldehydes, ketones, a,B-unsaturated ketones or
tertiary alkyl halides allows for a simple synthesis of a-ketoesters.

a-Ketoesters and acids not only represent useful compounds in organic synthesis,

1)

e.g., in the construction of heterocycles , but also play an important role

2)

in various biological processes
2,3,4)

. A number of rational syntheses have been

designed This communication describes a novel entry into a-keto-

esters having additional functionality.

We have discovered that compound 1 (prepared by reacting oxalic acid ester with
Na/K and trimethylsilyl chloride) reacts with carbonyl compounds in the
presence of catalytic amounts of Lewis acids (e.g., ZnClz) or bases (Fe) to
form aldol or Michael addition products 6).

3)

This means that 1 can be viewed

as a synthon ~'for the anion 1'

EtO\__,0SiMe, 0
Me3SiO OEt

1 1

For example, the reaction of 1 with one equivalent of acetone 2 in the presence
of catalytic amounts of ZnCl2 in dry CH2C12 at room temperature (3 h) results in
essentially quantitative formation of 3 (87% isolated after stripping off
solvent and distilling at 80 °C/0.1 torr). 3 is the protected form of 4, which

can be obtained directly from the crude product by stripping off the solvent
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and treating with CH3OH/2 N HCl (40:1) at room temperature (83% isolated by
filtering over a short SiO2 column/CH2C12)7)

EtQ OSiMes

0
0] ® 1
M 1/zncl, COzEt H 0,Et
N _—> 0SiMe,y EREE— >]O/H\C
2 3 4

Similarly, compounds 5 {diastereomer ratio 2:1) and 6 were obtained using
acetophenone:

EtQ 0OSiMe; (IJI
COEt @/\029
OS;Me3 OH
5 (80%) 6 (75%)

The ZnCl2 mediated reaction of 1 with aldehydes is extremely fast at room
temparature (>90% conversion within 30-60 min). 7 and 8 were obtained in analy-

tically pure form as 1:1 diastereomers by kugelrohr distillation7'8). They are
the protected form of reductones 9) .
Et iMe
R Q OSiMes 7 : R = phenyl (74%)
\|><C02Et 8 : R = ethyl (82%)
0SiMe;

a,B-Unsaturated ketones react smoothly at room temperature solely in a 1,4 manner

(Michael addition), as exemplified by the simple synthesis of 10 and 12 7 .
0 0
I 1) l/ZnCl2 _ 1
@ 2) CH,OH/HC1 O\”/COZEf
0
9 10 (84%)
0
0 1) 1/zncl I
ll\ — 2 >
-
):/ 2) CH,OH/HC1 07 ~CO,Et

11 12 (68%)
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. . 10)
Finally, Lewis acid induced a-alkylation using SN1 active alkyl halides also

occurs under mild conditions:

; 3 h/22 °C 0
2 1l

(CH3)3CCH > (CH3)3C” > COLEL
2) CHBOH/HCl

1) 1/2nC1

11 12 (59%)

. . . 7,11)
Physical and spectroscopic data of several compounds are given in footnotes .

In summary, the present synthetic method makes a-ketoesters accessible which

are not easily prepared by previous means. Some of the compounds are likely

to be useful starting materials for the synthesis of heterocycles and o,B-un-
saturated o-amino acids.
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Nz—inlet 100 mg dry ZnCl2 is heated under vacuum with a bunsen burner until
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gel filter to provide 1.67 g (84%) of analytically pure 10: 1H—NMR (CDClB):

§ = 1.4 (¢, 3H), 1.5-2.7 (m, 9H), 4.3 (g, 2H).
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10) Review of Lewis acid promoted a-alkylation of carbonyl compounds using
SN1 active alkylation agents: M.T. Reetz, Angew. Chem. 94, 97 (1982);
Angew. Chem., Int. Ed. Engl. 21, 96 (1982); see also P. Brownbridge,
Synthesis 1983, 25; P, Brownbridge, Synthesis 1983, 285,

11) Compound 3 : Kugelrohr distillation (80°c/0.1 torr); 1H—NMR (CDCl3 : é=
0.13 (s, 9H), 0.22 (s, 9H), 1.13-1.55 (m, 12H), 3405-3.77 (m, 2H), 4.2
(g, 2H); IR (film): 1745 cm_l. Compound 4 (W.W.Wisaksono and J.F.Arens,
Rec.Trav.Chim.Pays-Bas 80, 846 (1961)): lH—NMR (CDC13): f‘= 1.30 (t, 3H),
1.42 (s, 6H), 3.53 (s, 1H), 4.37 (g, 2H). Compound 5 : H-NMR (CDC13)
(diastereomer mixture) : &§ = 0.04, 0.13, 0.16, 1.10, 1.20, 1.37, 1.77, 1.87,
3.0-3.8, 3.87-4.53, 7.03-7.77; IR(film): 1745 cm_l; the compound was purified

by kugelrohr distillation at lSOOC/O.l torr. Compound 6 : after treatment
with CH3OH/HCl7), residue was filtered over a short silica gel filter using
methylene chloride; lH-NMR (CDCl3) = 1.12 (t, 3H), 1.7915, 3H), 4.07 ( g,
2H), 4.13 (s, 1H), 7.08-7.60 (m, SH); IR{film}: 1710 cm ~. Compound 7

isolated by kugelrohr distillation at 100°c/0.1 torr (mixture of diastereomers)

lH—NMR (CDC1,) : §= 0.05, 0.13, 0.93-1.63, 3.17-4.53, 4.93, 7.3; IR(film) :
- C s . (e}

1745 cm l. Compound 8 isolated by kugelrohr distillation at 95-100°C/ 0.1

torr {(mixture of diastereomers); lH—NMR (CDC13) : §= 0.01, 0.03, 0.06,

. -1
0.08, 0.90-1.50, 2.90-4.57; IR (film): 1750 cm .
All of the compounds described in this communication gave correct elemental

analyses.



